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INTERFACE CIRCUITRY FORA TEST
APPARATUS

BACKGROUND

Design and development of an integrated circuit (IC) 1s a
complex, time consuming, and expensive process. To aid 1n
these activities, often times a design team will use a field
programmable gate array (FPGA), which 1s a programmable
IC that may be used for purposes of testing and prototyping
aspects of the IC design. Many FPGA’s provide various con-
figurable 1nterfaces such as a high speed mput/output (10)
module that may be used to avoid the costly and time-con-
suming process to perform application specific integrated
circuit (ASIC) design and fabrication. The flexibility and
versatility of FPGAs provide a very cost effective standard
compliance testing apparatus in terms of both protocol and
clectrical attributes. However, most FPGA’s configurable
high-speed serial IO module, if not all, are based on a current
mode logic (CML) transcetver and are thus incompatible with
other electrical signaling modes such as voltage mode logic.

One area of IC development 1s with regard to designing 1Cs

that incorporate a physical layer based on the Mobile Industry
Processor Interface (MIPI) Alliance MIPI M-PHY specifica-

tion Version 1.00.00—8 Feb. 2011 (MIPI Board Approved 28
Apr. 2011) (hereafter MIPI M-PHY specification), which 1s
becoming widely adopted as the high-speed low power 10
standard for serial interfaces within mobile devices. This
physical layer, referred to herein as M-PHY, 1s developed as a
stand-alone physical layer, and 1s intended for use with vari-
ous higher level protocols.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a block diagram of a high level view of a system
in accordance with an embodiment of the present invention.
FIG. 2 1s a schematic diagram of a test apparatus in accor-
dance with an embodiment of the present invention.
FIG. 3 1s a schematic diagram of a detection mechanism in
accordance with one embodiment of the present invention.
FI1G. 4 1s a flow diagram of a method for adapting current
mode signals for receipt by a voltage mode-based recetver in
accordance with an embodiment of the present invention.
FIG. 5 15 a flow diagram of a method for adapting voltage
mode signals for receipt by a current mode-based recerver in
accordance with an embodiment of the present invention.
FIG. 6 1s a block diagram of a system-on-a-chip (SoC) in
accordance with an embodiment of the present invention.
FI1G. 7 1s a block diagram of a system 1n accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION

In various embodiments, interface logic may be provided
to enable a FPGA or other circuitry that communicates
according to a CML electrical signaling mode to adapt to
other circuitry that communicates according to a different
clectrical signaling mode, such as voltage mode logic. In
particular embodiments, such interface logic may enable a
CML interface of a FPGA to be compatible with a voltage
mode iterface such as a voltage mode transceiver of a device
under test (DUT) that 1s 1n accordance with the MIPI M-PHY
specification. In general, CML signaling and voltage mode
signaling may both be implemented with differential signals;
however, the different modes may operate at different com-
mon mode levels, although they may provide signals of the
same swing. In an embodiment, this iterface logic may be
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2

implemented using various ofi-the-shell components and
radio frequency (RF) modules.

In this way, an FPGA’s CML interface may be made com-
patible with a voltage mode transceiver, e.g., using ofi-the-
shellf components and RF modules. The compatibility may be
realized by enabling one or more CML transceiver modules to
emulate M-PHY interface’s electrical attributes, and enable a
protocol engine (e.g., an engine of an IC prototype design)
implemented in the FPGA to communicate with real world
devices (e.g., DUTSs) having voltage mode signaling such as
M-PHY-based designs.

By utilizing a configurable high speed 10 module of a
FPGA, cost efficient and fast development of MIPI M-PHY-
based IO protocols may occur, while avoiding a costly and
time-consuming process for ASIC design and fabrication.
And, the flexibility and versatility of an FPGA provide a very
cost effective standard compliance testing apparatus 1n terms
ol both protocol and electrical attributes.

Although the scope of the present invention 1s not limited 1n
this regard, embodiments may be used 1 IC development of
various devices such as peripheral devices, e.g., Unipro™
devices 1n accordance with the UniPro specification (1.40.00
version release Apr. 28, 2011), camera devices 1n accordance
with the developing Camera Senal Interface (CSI-3) version
3, among others. The stand alone nature and architecturally
low power attribute of M-PHY also make 1t attractive to be
adapted with popular serial 10 technologies 1n a personal
computer (PC) platform. For example, a M-PHY may be
adapted for use with a Super-Speed universal serial bus
(USB) or a Peripheral Component Interconnect Express
(PCIe™) protocol, to develop new low power 10 technolo-
gies for future platforms, and other industry-wide mitiatives
such as a Super Speed Inter Chip (SSIC) standard (also
referred to as low power Super-Speed USB) and low power
PCle™ by adapting upper layers of these communication
protocols with a M-PHY physical layer.

Referring now to FIG. 1, shown s a block diagram of a high
level view of a system 1n accordance with an embodiment of
the present invention. As seen 1 FIG. 1, system 10 may
include multiple integrated circuits that are interconnected
via interface circuitry. More specifically a first integrated
circuit 20 may couple via interface circuitry 30 to a second
integrated circuit 40. In an embodiment, first IC 20 may
include programmable logic and may be a FPGA that
includes various standard programmable logic blocks as pro-
vided by an FPGA manufacturer, as well as one or more
programmable logic blocks of an IC or other circuit under
development that have been programmed into the FPGA.
Relevant to the discussion here, first IC 20 includes a current
mode logic (CML)-based transceiver 23 that may include
both recerver and transmitter, e.g., a high speed receiver and
transmitter, that may provide for communication of signals
according to a given CML protocol such as via a given type of
low voltage differential signals. Or course, additional cir-
cuitry may be present in first IC 20, including other low speed
interface circuits, as well as other fixed and programmable
logic.

Different implementations of system 10 may exist 1in dif-
ferent embodiments. For example, 1n one embodiment the
system may be realized as a printed circuit board in which the
ICs are aflixed to the circuit board, e.g., via soldering, surface
mounts or according to another connection technology. In
turn, interface circuitry 30 may be implemented via various
traces and 1n-circuit components of the circuit board. Thus in
such implementation a connectorless design may be provided
in which interface circuitry 30 1s configured within internal
components of a circuit board. Instead, 1n other embodiments
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such as a test bench-based arrangement, the ICs may be
configured to a test apparatus, with interface circuitry imple-
mented by various off-the-shell components that may be
interconnected together using standard types of connector
mechanisms. Accordingly, in different implementations a
connector-based or a connectorless system may be realized.

As further seen 1in FI1G. 1, IC 40 may also be present. This
IC may be acommercially available IC that includes a voltage
mode (VM) transceiver 45. Thus using interface circuitry 30,
appropriate processing and manipulation of signals being
provided 1n both directions may be realized to accommodate
different electrical signaling protocols. As one example, sec-
ond IC 40 may be an interface circuit such as a display/
graphics interface, e.g., according to a Display Port™ tech-
nology in which the transcerver has an M-PHY physical layer.
Although shown at this high level 1n the embodiment of FIG.
1, understand the scope of the present invention 1s not limited
in this regard.

Referring now to FIG. 2, shown 1s a schematic diagram of
a test apparatus 1n accordance with an embodiment of the
present invention. As shown in FIG. 2, apparatus 100 may be
used to provide compatibility between a CML interface of a
FPGA and a voltage mode transcerver. More specifically,
apparatus 100 enables CML transceiver modules of the
FPGA to emulate voltage mode electrical attributes of a
device under test, which 1n an embodiment may be a M-PHY
based device. In this way, a protocol engine implemented 1n
the FPGA (which 1s part of a design of an IC under develop-
ment) may communicate with real M-PHY based devices. At
a high level, the apparatus includes a FPGA 101, an interface
circuit 150, and a device 120.

In an embodiment FPGA 101 may include a configurable
high-speed serial 10 module having a CML transceiver. In
one embodiment the transceiver may be a Xilinx Virtex series
Rocket 10 or a GTX transcerver module and may include a
configurable CML transmitter 101.1 and a configurable
receiver 101.2. Recerver 101.2 may include 1n front of its
analog front end 1nternal (on-chip) termination that may be
configured to be biased to a reference voltage (e.g., ground),
a positive voltage, or tloating between differential positive
and negative signal pins. Receiver 101.2 may also support AC
coupling internally between 1ts internal termination and ana-
log front end 1nputs. This receiver module may also provide
the option to make termination open circuit, as enabled by a
switch 130, described further herein. Although shown in FIG.
2 as a differential receiver, understand the scope of the present
invention 1s not limited 1n this regard.

If a serial differential receiver has internal disableable
floating termination, and internal AC coupling sufficient for
the lower end of the frequency band of M-PHY signaling
(e.g., tens of kilo Hertz), various components (e.g., compo-
nents 126, 127, 128, 129, 130, 132, and 133) of interface
circuit 150 may be omitted, and their combined functionality
may be equivalently realized by available on-chip features.
For many receivers in commercially available FPGA prod-
ucts, one or more of these possibly optional components (e.g.,
components 126, 127, 128, 129, 130, 132, and 133) may be
present to create an interface electrically compatible with a
device having voltage mode signaling such as an M-PHY
device.

In an arrangement including one or more external compo-
nents, internal DC coupling may be enabled for the receiver’s
analog front end, and internal termination may be configured
as floating or disabled.

Still referring to FIG. 2, a low speed 10 bank 101.3 may
include a plurality of interfaces that may be configured as low
voltage differential signaling (LVDS) or low voltage positive-
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4

emitter coupled logic (LVPECL) compatible differential
receivers (or combinations thereof). According to one
embodiment, four such differential recervers may be used to
realize a detection function for special link signaling modes
of the MIPI M-PHY specification (e.g., DIF-N and DIF-P), as
will be described further below.

A low speed logic 10 bank 101.4 may be configured to
provide transistor-transistor logic (I'TL) compatible logic
signals for controlling external switches. Nodes 102 and 103
are positive and negative output nodes of the differential
transmitter output from FPGA 101, respectively. In various
embodiments, these nodes may be configured as mounted RF
connectors, such as SMA or other types of standard connec-
tors. In an implementation having no connections, these
nodes may be configured as impedance controlled printed
circuit board traces. Coupled to nodes 102 and 103 1s a dii-
ferential transmission line pair 104 and 105. In various
embodiments, these transmission lines may be implemented
as a coaxial cable pair 1n a connector-based implementation,
or impedance controlled printed circuit board traces 1n a
connectionless arrangement. Note that various components
of the mterface circuitry may be similarly implemented using
mounted RF connectors, such as SMA or other types of
standard connectors. Alternately in an implementation hav-
ing no connections, these components may be configured as
impedance controlled printed circuit board traces.

As further shown 1n FIG. 2, a pair of RF splitters 106 and
107 may be coupled to the differential line pair and may be
implemented as connector-based stand-alone modules, or as
solder-down components in a no connector implementation.
Note that for ease of discussion various components of the
circuitry are referred to in pairs; however understand that 1n
the differential implementation shown, a reference to a single
component may be considered to include a pair of such com-
ponents, both positive and negative. Each of the three ports of
cach splitter 106 and 107 1s impedance matched to 50 ohms.
As seen, one port of each splitter 1s coupled to ground with 50
ohm termination impedances 108 and 109. With such termi-
nation, CML transmitter-required electrical attributes may be
satisfied.

Coupled to the output ports of RF splitters 106 and 107 are
a pair of DC blocks 110 and 111. These DC blocks output a
differential AC signal realized from the signal output by CML
transmitter 101.1. In an embodiment these DC blocks may be
implemented using series capacitors. Coupled to the DC
blocks are a pair RF bias tees 112 and 113 that add correct
common mode voltage to the extracted AC differential signal
to form M-PHY compatible electrical signals. In an embodi-
ment, the bias tee ports interfacing DC blocks 110 and 111
and nodes 116 and 117 are of 50 ochm impedance.

A corresponding switch 114 and 115 may be coupled to
one port of each of the corresponding RF bias tees 112 and
113. In an embodiment, these switches may be single pole
triple throw (SP3T) switches that may be implemented as a
field effect transistor (FET) switch, electro-mechanical relay
switch, or electro-opto relay switch. As seen 1in FIG. 2, these
switches may be controlled from a switch control signal com-
municated from low speed 10 module 101.4. The control
signal may be T'TL signal compatible, 1n an embodiment.

During high-speed data transmissions from transmitter
101.1, switches 114 and 115 may be switched to position 2,
applying acommon mode voltage (e.g., a M-PHY compatible
common mode voltage) from a corresponding voltage source
141 and 142. Voltage sources 141 and 142 may be used to set
common mode voltage and DIF-N/DIF-P voltage amplitude.
In various embodiments, the voltage source may be realized
by variable voltage sources or power supplies. When the link
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state 1s to be controlled to be set to the M-PHY defined DIF-N
signal, switch 114 switches to position 1, and switch 115
switches to position 3 (in an embodiment) to thus cause both
lines to communicate a diff-N signal (with the positive signal
line coupled to ground and the negative line coupled to a
supply voltage). To set the lines as DIF-P, switch 114 moves
to position 3, and switch 115 switches to position 1 (in an
embodiment), to thus cause both lines to communicate a
DIF-P signal (with the positive signal line coupled to a supply
voltage and the negative line coupled to ground).

Nodes 116 and 117 are positive and negative input nodes of
a differential receiver 120.1 of a M-PHY device 120, respec-
tively. These nodes may be mounted RF connectors, such as
SMA or other types of standard connectors, or impedance
controlled printed circuit board traces in a no connector
implementation.

In various embodiments, device 120 may be any type of
device such as a peripheral device, a baseband processor, or
an interface device that communicates according to a protocol
that uses a M-PHY physical layer. As seen, device 120 has a
M-PHY interface including receiver 120.1 and transmitter
120.2. Of course, not shown 1n FIG. 2 for ease of 1llustration
1s the various logic of the IC, which receives signals from
receiver 120.1 and provides signals to transmitter 120.2 for
output. Also understand that in other embodiments, the inter-
face may be according to another voltage mode-based
scheme. Coupled to transmitter module 120.2 are positive and
negative output nodes 118 and 119, which may be mounted
RF connectors, such as SMA or other types of standard con-
nectors, or impedance controlled printed circuit board traces
in a no connector implementation.

Coupledto these output nodes 1s a differential transmission
line pairr 122 and 123, connecting transmitter 120.2 to
receiver 101.2 of FPGA 101. A pair of RF splitters 124 and
125 having 50 ohm port impedance couple respective ele-
ments of the transmission line pair to enable line signals to be
tapped to 10 module 101.3 within FPGA 101. The tapped or
split signals connected via lines 124.1 and 125.1 may be
received within 10 module 101.3 to realize M-PHY-required
squelch and DIF-N/DIF-P detection functions.

An additional pair of RF splitters 126 and 127 (also having
50 ohm port impedance) forward differential signals into
receiver 101.2 of FPGA 101, while forming a recerver termi-
nation branch between positive and negative nodes. In the
embodiment shown, DC blocks 132 and 133 may be coupled
to the output of RF splitters 126 and 127, respectively. Note
that the placement order of RF splitters 124 and 126 may be
reversed so that splitter 124 1s located between DC block 132
and splitter 126 (and similarly the placement order of splitters
125 and 127 may be reversed, with splitter 125 located
between DC block 133 and splitter 127). This alternative
placement of components realizes the equivalent functional-
ity.

To enable appropriate terminations, a pair of resistors 128
and 129, each which may be configured as a 50 ohm series
resistor, form a 100 ohm floating impedance termination
between the mput nodes of receiver 101.2. As seen, these
resistors may be switchably controlled to be switched mto or
out of the transmission path to FPGA 101. In the embodiment
shown a switch 130 may control the selection of these resis-
tors. In one embodiment, switch 130 is a single pole single
throw (SPST) switch that 1s controlled by a TTL level signal
communicated from low speed 10 interface 101 4.

Embodiments provide for configurability of the test appa-
ratus to enable emulation and handling of the different opera-
tions set forth 1n the MIPI M-PHY specification. These opera-
tions include certain link states to enable low power modes of
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operation. In an embodiment, available low power link states
include a Hibern8, STALL, and SLEEP link states. During
any of these low power link states, switch 130 may be con-
figured 1n an open circuit between its 2 terminals. Thus, the
termination at the recerver input 1s disabled. Hibern8, STALL
and SLEEP are 3 power saving states of an M-PHY link.
Hibern8 state enables ultra-power consumption of an M-PHY
transcerver i which the M-PHY transmuitter 1s high imped-
ance, and the receiver holds the line at DIF-Z. STALL 1s the
power saving state for M-PHY’s high speed mode in which
the receiver 1s unterminated, and the transmitter drives DIF-
N. SLEEP 1s the power saving state for low-speed mode, n
which the receirver 1s unterminated, and the transmitter drives
DIF-N. Line state DIF-P 1s a positive differential voltage
driven by the M-PHY transmutter. Line state DIF-N 1s a nega-
tive differential voltage driven by the M-PHY transmuitter.
Line state DIF-Z 1s a weak zero differential voltage main-
tained by the M-PHY receiver.

Instead, during an enabled power mode 1n which an active
link state 1s 1n effect to enable communication of information
via the link, such as a HS-Burst or Sys-Burst link state, switch
130 may be configured to electrically connect its 2 terminals
to enable termination at the receiver mput. To minimize the
impedance discontinuity impact to high speed signaling, the 2
terminals (ports) of switch 130 may have a characteristic
impedance of 50 ohm for impedance matching with resistors
128 and 129. In an embodiment, switch 130 may be realized
by a RF FET switch, RF electro-mechanical switch, or elec-
tro-opto relay switch.

Still referring to FIG. 2, FPGA 101 includes a generic low
speed programmable 10 module 101.3 that may be 1mple-
mented as a plurality of banks (generally bank 101.3). In an
embodiment, this IO bank 101.3 may be configured as
LVPECL receivers. Although only a single bank 1s shown for
case ol 1llustration, understand that embodiments may
include a plurality of 10 banks.

In one particular embodiment, four low speed 10 banks
101.3 may be present to enable receipt of 4 independent
differential signals. In this way, the IO banks may be used to
realize DIF-N/DIF-P link signal detection functionality that
ecnables an M-PHY transceiver’s link state transition signal-
ing. A voltage source 143 may be coupled to IO bank 101.3 to
provide voltage signals that may be used for threshold com-
parisons. As an example, voltage source 143 may provide
high and low voltage thresholds for determining whether the
line signal 1s 1n a DIF-N, DIF-P or squelch state. Of course,
while a single voltage source 1s shown, understand that a
plurality of such sources may be provided, each to provide
multiple voltage signals to a corresponding 10 bank. Or 1n
other embodiments, a single voltage source may be config-
ured to provide multiple voltage signals to the present 10
banks. In an embodiment, voltage source 143 may be realized
by any variable voltage source or power supply.

FIG. 3 1s a schematic diagram of a detection mechanism 1n
accordance with one embodiment of the present invention. As
seen 1n FIG. 3, an mput circuit 170 (which may be imple-
mented as a plurality of IO bank) uses LVDS or LVPECL
differential signals tapped oif from the main signal path
coupled between a DUT and the FPGA. Specifically, a plu-
rality of comparators 171,172,173, and 174 each are coupled
to recerve at a positive iput terminal one of the positive data
signal RXP, obtained from positive data line 124.1 (in FI1G. 2)
and the negative data signal RXN, tapped off negative data
line 125.1 of FIG. 2. The determination as to whether a
DIF-N, DIF-P, or squelch (DIF-Z) state 1s presented on the
differential transmission lines may be based on the output of
these comparators. As further seen, each comparator i1s
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coupled to recetve at a negative input terminal one of multiple
threshold voltages, with ViLL being a low threshold voltage
and ViH being a high threshold voltage.

In an embodiment, the high threshold voltage may be set as
a logic high voltage less a margin, e.g., 50 millivolts (mV). In
turn, the low threshold voltage may be set as a logic low
voltage plus a margin, e.g., 50 mV. In one embodiment:
ViH=VoH-50 mV and ViL=VoL+50 mV.

As further seen 1n FIG. 3, the outputs of the various com-
parators may be coupled to a collection logic 175 which may
include logic to receive these signals and to determine a state
on the line based on the values. This collection logic may be
part of an IO module, or may be implemented 1n a logic
programmed into the FPGA. In an embodiment, the determi-
nation may be in accordance with Table 1 below.

TABLE 1
DO D1 D2 D3
DIF-P 1 0 1 0
DIF-N 0 1 0 1
DIF-Z Any other

combinations

Thus based upon the receipt of these tapped signals, col-
lection logic 175 may determine whether device 120 1s driv-
ing a DIF-P or DIF-N line state. In the M-PHY protocol, a
transition from DIF-N to DIF-P indicates that the link state
going out of a power saving state, e.g., STALL or SLEEP
state. DIF-N signal indicates that the link 1s 1n a power saving
state. DIF-Z 1s a weak differential zero maintained by
receiver, indicating that the link 1s in HIBERNS state. Trans-
mitter 101 may drive the line to DIF-N state to signal that the
link 1s transitioning out of the HIBERNS state. Note that this
collection logic may thus generate a state signal to indicate
the state on the link and provide this signal, e.g., to logic of the
FPGA, such as logic of the IC under development to enable
various testing, compatibility, or other operations with regard
to these states.

Embodiments thus may be used as low cost and fast pro-
totyping method for M-PHY related IP development. In addi-
tion, embodiments may be used for compliance testing fix-
ture/method for various communication protocols.

Referring now to FIG. 4, shown 1s a flow diagram for
adapting current mode logic signals for communication to a
voltage mode-based device. As seen 1n FIG. 4, method 200
may begin by transmitting a CML signal from a transmaitter of
a first IC along a first transmission line (block 210). As one
example, the signal may be a differential signal communi-
cated along a differential transmission line, e.g., such as an
LVDS or an LVPECL signal. As seen, at block 220 the CML
signal may be terminated and AC coupled to a first port of an
RF bias tee. At block 230 a selected voltage may be switched
to a second port of the RF bias tee. This selection may be
realized by switching a given voltage to the RF bias tee port
based on the signal to be communicated. As examples,
depending on the type of signal, a ground voltage, a supply
voltage, or a common mode voltage may be provided to the
second port of the RF bias tee.

As such, at block 240 a voltage mode signal may be real-
1zed and output from a third port of the bias tee. At block 250
this voltage mode signal may be received 1n a recerver of the
second IC. Although described at this high level 1n the
embodiment of FIG. 4, understand the scope of the present
invention 1s not limited 1n this regard.

Referring now to FIG. 5, shown 1s a method for adapting
voltage mode signals for receipt by a current mode-based
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receiver. As seen 1n FIG. 5, method 300 may begin by trans-
mitting a voltage mode signal from a transmitter of a second
IC along a second transmission line (block 310). Again, 1n
certain embodiments, this second signal may be a differential
signal. Next at block 320, this voltage mode signal may be
tapped. The tapped signal may be provided to an 10 bank of
the first IC. Note that although only a single 10 bank 1s
described, in many implementations multiple such banks may
be provided, each of which may receive the tapped signal.
Next at block 330 this tapped signal may be compared to at
least one threshold voltage. In an embodiment, multiple
threshold voltages may be provided, e.g., a high and low
threshold voltage may be provided to enable a comparison to
the tapped signal which 1n an embodiment may be a differ-
ential signal. Based on this comparison, at block 340 it may be
determined whether a special state 1s being communicated on
the second transmission line. Although the scope of the

present invention 1s not limited 1n this regard, the special state
may be one of a DIF-N, DIF-P, or a squelch state (DIF-2)).

Based on this determination, termination of the voltage
mode signal may be controlled. For example, a termination
impedance may be coupled between differential lines of the
second transmission line if a normal data signal 1s being
communicated on the line. Instead in a special state of the
line, such as a low power state, this termination may be
opened or disabled. Still referring to FIG. 5, at block 360 a
current mode signal may be received 1n a recerver of the first
IC.

Accordingly, the embodiments of FIGS. 4 and 3 provide
methods to adapt signals of one type of electrical signaling to
another type of electrical signaling to enable their ready com-
munication between different ICs using interface circuitry in
accordance with an embodiment of the present invention.

Referring now to FI1G. 6, shown 1s a block diagram ofa SoC
that may be designed 1n part using a test apparatus in accor-
dance with an embodiment of the present invention. As shown
in FIG. 6, SoC 400 may be any type of SoC for implementa-
tion 1nto various types of platforms, ranging from relatively
small low power portable devices such as smartphones, per-
sonal digital assistants (PDAs), tablet computers, netbooks,
Ultrabooks™ and so forth, to more advanced SoCs that may
be implemented 1n higher level systems. This SoC may be
designed by programming various logic of the SoC into a
FPGA and testing 1t with a test apparatus as described herein.

As seen 1n FI1G. 6, SoC 400 may include one or more cores
410,-410 . Thus 1n various embodiments, a multicore SoC 1s
possible, where the cores all may be homogeneous cores of a
given architecture, e.g., an in-order or out-of-order processor.
Or there may be heterogeneous cores, €.g., some relatively
small low power cores, €.g., of an in-order architecture, with
additional cores present that may be of a larger and more
complicated architecture, e.g., an out-of-order architecture. A
protocol stack enables communication of data between one or
more of these cores and other components of a system. As
seen, this stack may include software 415, which may be
higher level software such as OS, firmware, and application
level software that executes on one or more of the cores. In
addition, the protocol stack includes a transaction layer 420
and a data link layer 430. In various embodiments, these
transaction and data link layers may be of a given communi-
cation protocol such as a PCle™ protocol. Of course, layers
of different protocol stacks such as in accordance with a
umversal serial bus (USB) protocol stack may be present in
other embodiments. Also, in some implementations low
power PHY circuitry as described herein may be multiplexed
with existing alternate protocol stacks.
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Still referring to FIG. 6, in turn this protocol stack may
couple to a physical unit 440 that may include multiple physi-
cal units that may provide for communication via multiple
interconnects. In one embodiment, a first physical unit 450
may be a low power PHY unit that in one embodiment may
correspond to an M-PHY 1n accordance with the MIPI speci-
fication to provide communication via a primary interconnect
480. In addition, a sideband (SB) PHY unit 444 may be
present. In the embodiment shown, this sideband PHY umnit
may provide for communication via a sideband interconnect
4’70, which may be a consolidated sideband to provide certain
sideband information, e.g., at slower data rates than primary
interconnect 480 that 1s coupled to first PHY 450. In some
embodiments, the various layers of the protocol stack may
have a separate sideband coupling to this SB PHY 444 to

enable communication along this sideband interconnect.

In addition, PHY unit 440 may further include an SB link
manager 442 that may be used to control SB PHY 444. In
addition, a link training and state manager 445 may be present
and may be used to adapt the protocol stack, which 1s of a first
communication protocol, to first PHY 450, which 1s of a
second communication protocol, as well as providing overall
control of first PHY 450 and interconnect 480.

As turther seen, various components may be present in first
PHY 450. More specifically, transmitter and receiver cir-
cuitry (namely TX 4353 and RX 454) may be present. In
general, this circuitry may be used to perform sernialization
operations, deserialization operations along with the trans-
mission and receipt of data via primary interconnect 480. A
save state manager 451 may be present and may be used to
save a configuration and other state information regarding
first PHY 450 when 1t 1s 1n a low-power state. Also, a coder
452 may be present to perform line coding, e.g., according to
an 8b/10b protocol.

As further seen 1n FIG. 6, a mechanical interface 458 may
be present. This mechanical interface 458 may be a given
interconnection to provide communication from root coms-
plex 400, and more specifically to/from first PHY 450 via
primary interconnect 480. In various embodiments, this
mechanical connection may be by way of pins of the semi-
conductor device such as a ball gnid array (BGA) or other
surface mount, or plated through hole connection.

In addition to these main communication mechanisms, an
additional communication interface may be by way of a low
power serial (LPS) PHY unit 455, coupled via a separate stack
including a software layer 416, a transaction layer 421, and a
link layer 431 between cores 410 and one or more off-chip
devices 460a-c, which may be various low data rate periph-
eral devices such as sensors, accelerometers, temperature
sensors, global positioning system (GPS) circuitry, compass
circuitry, touch-screen circuitry, keyboard circuitry, mouse
circuitry and so forth. Note that 1n various embodiments, both
the sideband 1nterconnect 470 and primary interconnect 480
may couple between SoC 400 and another semiconductor
component, €.g., another IC, such as a multi-band radio solu-
tion.

Devices designed using a test apparatus in accordance with
an embodiment may be implemented 1n many different sys-
tem types. Referring now to FI1G. 7, shown 1s a block diagram
of a system 1n accordance with an embodiment of the present
invention. As shown i FIG. 7, multiprocessor system 700 1s
a point-to-point interconnect system, and includes a first pro-
cessor 770 and a second processor 780 coupled via a point-
to-point interconnect 750. As shown in FIG. 7, each of pro-
cessors 770 and 780 may be multicore processors, including
first and second processor cores (1.€., processor cores 774a
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and 774b and processor cores 784a and 784b), although
potentially many more cores may be present 1n the proces-
SOrS.

Still referring to FI1G. 7, first processor 770 further includes
a memory controller hub IMCH) 772 and point-to-point (P-P)

interfaces 776 and 778. Similarly, second processor 780
includes a MCH 782 and P-P interfaces 786 and 788. As

shown 1 FIG. 7, MCH’s 772 and 782 couple the processors
to respective memories, namely a memory 732 and a memory
734, which may be portions of system memory (e.g., DRAM)
locally attached to the respective processors. First processor
770 and second processor 780 may be coupled to a chupset

790 via P-P mterconnects 752 and 754, respectively. As
shown 1n FIG. 7, chipset 790 includes P-P interfaces 794 and

798.

Furthermore, chipset 790 includes an interface 792 to
couple chipset 790 with a high performance graphics engine
738, by a P-P interconnect 739. In turn, chipset 790 may be
coupled to a first bus 716 via an interface 796. As shown 1n
FIG. 7, various mput/output (I/0) devices 714 may be
coupled to first bus 716, along with a bus bridge 718 which
couples first bus 716 to a second bus 720. Various devices may
be coupled to second bus 720 including, for example, a key-
board/mouse 722, communication devices 726 and a data
storage unit 728 such as a disk drive or other mass storage
device which may include code 730, 1n one embodiment.
Further, an audio I/O 724 may be coupled to second bus 720.
Embodiments may be incorporated into other types of sys-
tems including mobile devices such as a smart cellular tele-
phone, tablet computer, netbook, or so forth.

The following examples pertain to further embodiments.

In an embodiment, an apparatus includes an FPGA 1nclud-
ing a first transmitter to communicate first signals according
to CML signaling and a firstrecerver to recerve second signals
according to the CML signaling; and an interface circuit to
couple the FPGA to a device that 1s to communicate accord-
ing to voltage mode signaling, the interface circuit to adapt
the first signals communicated by the first transmitter accord-
ing to the CML signaling to voltage mode signaling signals
for receipt by the device.

The interface circuit may include: a first differential trans-
mission line coupled to the first transmitter of the FPGA; a
first RF splitter to couple the first differential transmission
line to a first DC block, the first RF splitter further coupled to
a first termination circuit; and a first RF bias tee coupled to the
first DC block to provide the first signals according to the
voltage mode signaling to the device.

The interface circuit further may include a first switch
coupled to the first RF bias tee to couple a selected voltage to
a first port of the first RF bias tee.

The FPGA may include an 10 interface to communicate a
switch control signal to the first switch to select the selected
voltage from a first plurality of voltages.

The device may include an IC having a second receiver to
receive signals according to the voltage mode signaling and a
second transmitter to transmit signals according to the volt-
age mode signaling, the second receiver and the second trans-
mitter including a physical layer according to a MIPI M-PHY
specification.

The FPGA may include logic of an IC under development,
the IC under development to mnclude a communication pro-
tocol stack having upper layers according to a PCI specifica-
tion and a physical layer according to the MIPI M-PHY
specification.

The interface circuit may include a second differential
transmission line coupled to the second transmitter of the IC
to recerve the second signals according to the voltage mode
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signaling, a second RF splitter to couple the second difieren-
tial transmission line to a second 10 interface of the FPGA,
and a third RF splitter to couple the second RF splitter to a
second DC block, where the second DC block 1s to provide
the second signals according to the CML signaling to the first
receiver of the FPGA.

The apparatus may include a second voltage source to
couple atleast one selected threshold voltage to the second 10
interface of the FPGA.

The second 10 interface may include a plurality of banks,
cach including a comparator to compare a level on one of a
positive and a negative portion of the second differential
transmission line to a corresponding selected voltage level
and to output a comparison signal.

A collection logic may receive the comparison signal from
cach of the plurality of banks and to provide a link state signal
to a state machine logic.

The third RF splitter may include a positive splitter circuit
to couple a positive splitter circuit of the second RF splitter
and a positive DC block of the second DC block, and a
negative splitter circuit to couple a negative splitter circuit of
the second RF splitter and a negative DC block of the second
DC block.

The apparatus may include a first termination impedance
coupled to a first port of the positive splitter circuit of the third
RF splitter and a second termination impedance coupled to a
first port of the negative splitter circuit of the third RF splitter.

The apparatus may include a second switch to switchably
couple the first termination impedance and the second termi-
nation impedance when active signals are communicated on
the second ditferential transmission line.

In an embodiment, a method includes transmitting a CML
signal from a transmitter of a first IC, and communicating the
CML signal through an interface circuit to couple a voltage
mode signal corresponding to the CML signal to a receiver of
a second IC, including terminating the CML signal via a {irst
termination circuit and AC coupling the first signal to a first
port of a first RF bias tee; switching a selected voltage to a
second port of the first RF bias tee; and outputting the voltage
mode signal from a third port of the first RF bias tee to the
receiver of the second IC.

In the method, switching the selected voltage to the second
port of the first RF bias tee may include coupling the selected
voltage via a first switch coupled to the second port of the first
RF bias tee, responsive to a switch control signal received 1n
the first switch from the first IC.

The method may include communicating signals between
the first IC and the second IC to validate circuitry of an IC
under development, the circuitry programmably configured
in the first IC, where the first IC 1s an FPGA.

The method may include transmitting a second voltage
mode signal from a transmitter of the second IC along a
second transmission line, tapping the second voltage mode
signal to provide a tapped signal to an 10 bank of the first IC,
comparing the tapped signal to at least one threshold voltage
in the first IC, determining a state on the second transmission
line based on the comparison, and controlling termination of
the second voltage mode signal based on the determination to
obtain a second CML signal.

The method may include recerving the second CML si1gnal
in a receiver of the first IC.

In an embodiment, a system may have a FPGA including a
first transmitter to communicate first signals according to
CML signaling and a first receiver to receive second signals
according to the CML signaling; a first interface to commu-
nicate according to TTL signaling; a second interface to com-
municate according to low voltage differential signaling; and
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a logic of an 1integrated circuit under development. In turn, an
interface circuit may couple the FPGA to a DUT that 1s to
communicate according to voltage mode signaling, the inter-
face circuit to adapt the first signals communicated by the first
transmitter according to the CML signaling to voltage mode
signaling for receipt by the DUT. The DUT may be coupled to
the interface circuit, and includes a transceiver to communi-
cate according to the voltage mode signaling.

The iterface circuit includes: first differential transmis-
s1on line coupled to the first transmitter of the FPGA; a first
RF splitter to couple the first differential transmaission line to
a first DC block, the first RF splitter further coupled to a first
termination circuit; and a first RF bias tee having a first port
coupled to the first DC block and having a second port to
provide the first signals according to the voltage mode sig-
naling to the DUT and a third port coupled to a first switch to
receive a selected voltage.

The interface circuit may further include a second differ-

ential transmission line coupled to the transcerver of the DUT
to recerve the second signals according to the voltage mode
signaling; a second RF splitter to couple the second differen-
tial transmission line to the second interface of the FPGA, and
a third RF splitter to couple the second RF splitter to a second
DC block, where the second DC block 1s to provide the
second signals according to the CML signaling to the first
receiver of the FPGA.
The second interface may include a plurality of banks, each
including a comparator to compare a level on one of a positive
and a negative portion of the second differential transmission
line to a corresponding selected voltage level and to output a
comparison signal; and a collection logic to recerve the com-
parison signal from each of the plurality of banks and to
provide a link state signal to a state machine logic of the logic
of the itegrated circuit under development.

The FPGA and the DUT may be integrated circuits coupled
to a circuit board, and the intertace circuit includes at least one
of conductors of the circuit board and components coupled to
the circuit board.

In another embodiment, an apparatus includes interface
logic adapted to be coupled to a first integrated circuit and a
second 1ntegrated circuit, where the interface logic 1s config-
ured to translate first signals of a current mode logic to be
transmitted from the first integrated circuit to second signals
ol a voltage mode logic to be received by the second inte-
grated circuit, and to translate third signals of the voltage
mode logic to be transmitted by the second integrated circuit
to Tourth signals of the current mode logic to be received by
the first integrated circuit.

The interface logic may include a first differential trans-
mission line coupled to a transmitter of the first integrated
circuit; a first RF splitter to couple the first differential trans-
mission line to a first DC block, and further coupled to a first
termination circuit; and a first RF bias tee coupled to the first
DC block to provide the second signals of the voltage mode
logic to the second integrated circuit.

The mterface circuit may further include a first switch
coupled to the first RF bias tee to couple a selected voltage to
a first port of the first RF bias tee, and where the {irst inte-
grated circuit further includes an TO nterface to communi-
cate a switch control signal to the first switch to select the
selected voltage from a first plurality of voltages.

The 1nterface logic also may include a second differential
transmission line coupled to a transmitter of the second inte-
grated circuit to recerve the second signals according to the
voltage mode logic; a second RF splitter to couple the second
differential transmission line to a second 10 interface of the
first integrated circuit; and a third RF splitter to couple the
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second RF splitter to a second DC block, wherein the second
DC block 1s to provide the fourth signals according to the
current mode logic to a recerver of the first integrated circuait.

The second 10 interface may include a plurality of banks,
cach including a comparator to compare a level on one of a
positive and a negative portion of the second differential
transmission line to a corresponding selected voltage level
and to output a comparison signal, and a collection logic to
receive the comparison signal from each of the plurality of
banks and to provide a link state signal to a state machine
logic of the first integrated circuit.

Embodiments may be implemented in code and may be
stored on a non-transitory storage medium having stored
thereon nstructions which may be used to program a system
to perform the instructions. The storage medium may include,
but 1s not limited to, any type of disk including floppy disks,
optical disks, solid state drives (SSDs), compact disk read-
only memories (CD-ROMs), compact disk rewritables (CD-
RWs), and magneto-optical disks, semiconductor devices
such as read-only memories (ROMs), random access memo-
riecs (RAMs) such as dynamic random access memories
(DRAMSs), static random access memories (SRAMSs), eras-
able programmable read-only memories (EPROMs), flash
memories, electrically erasable programmable read-only
memories (EEPROMSs), magnetic or optical cards, or any
other type of media suitable for storing electronic instruc-
tions.

While the present invention has been described with
respect to a limited number of embodiments, those skilled in
the art will appreciate numerous modifications and variations
therefrom. It 1s intended that the appended claims cover all
such modifications and variations as fall within the true spirit
and scope of this present invention.

What 1s claimed 1s:

1. An apparatus comprising:

a field programmable gate array (FPGA) including a first
transmitter to communicate first signals according to
current mode logic (CML) signaling and a first recerver
to receive second signals according to the CML signal-
ing; and

an 1interface circuit to couple the FPGA to a device that 1s to
communicate according to voltage mode signaling, the
interface circuit to adapt the first signals communicated
by the first transmitter according to the CML signaling
to voltage mode signaling signals for receipt by the
device.

2. The apparatus of claim 1, wherein the 1nterface circuit

COmMprises:

a first differential transmission line coupled to the first
transmitter of the FPGA;

a first radio frequency (RF) splitter to couple the first dif-
ferential transmission line to a first DC block, the first

RF splitter further coupled to a first termination circuit;
and

a first RF bias tee coupled to the first DC block to provide
the first signals according to the voltage mode signaling
to the device.

3. The apparatus of claim 2, wherein the interface circuit
turther comprises a first switch coupled to the first RF bias tee
to couple a selected voltage to a first port of the first RF bias
tee.

4. The apparatus of claim 3, wherein the FPGA further
includes an input/output (I10) interface to communicate a
switch control signal to the first switch to select the selected
voltage from a first plurality of voltages.

5. The apparatus of claim 1, wherein the device comprises
an 1mtegrated circuit (IC) having a second recetver to receive
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signals according to the voltage mode signaling and a second
transmitter to transmit signals according to the voltage mode
signaling, the second receiver and the second transmitter
including a physical layer according to a Mobile Industry
Processor Intertace (MIPI) MIPI M-PHY specification.
6. The apparatus of claim 5, wherein the FPGA includes
logic of an IC under development, the IC under development
to include a communication protocol stack having upper lay-
ers according to a Peripheral Component Interconnect (PCI)
specification and a physical layer according to the MIPI
M-PHY specification.
7. The apparatus of claim 5, wherein the interface circuit
COmMprises:
a second differential transmission line coupled to the sec-
ond transmitter of the IC to receive the second signals
according to the voltage mode signaling;
a second RF splitter to couple the second differential trans-
mission line to a second mput/output (10) mterface of
the FPGA; and
a third RF splitter to couple the second RF splitter to a
second DC block, wherein the second DC block 1s to
provide the second signals according to the CML sig-
naling to the first receiver of the FPGA.
8. The apparatus of claim 7, further comprising a second
voltage source to couple at least one selected threshold volt-
age to the second IO interface of the FPGA.
9. The apparatus of claim 8, wherein the second 10 inter-
face comprises a plurality of banks, each including a com-
parator to compare a level on one of a positive and a negative
portion of the second differential transmission line to a cor-
responding selected voltage level and to output a comparison
signal.
10. The apparatus of claim 9, further comprising a collec-
tion logic to recerve the comparison signal from each of the
plurality of banks and to provide a link state signal to a state
machine logic.
11. The apparatus of claim 7, wherein the third RF splitter
COmprises:
a positive splitter circuit to couple a positive splitter circuit
of the second RF splitter and a positive DC block of the
second DC block; and
a negative splitter circuit to couple a negative splitter circuit
of the second RF splitter and a negative DC block of the
second DC block.
12. The apparatus of claim 11, further comprising a first
termination impedance coupled to a first port of the positive
splitter circuit of the third RF splitter and a second termina-
tion 1impedance coupled to a first port of the negative splitter
circuit of the third RF splitter.
13. The apparatus of claim 12, further comprising a second
switch to switchably couple the first termination impedance
and the second termination impedance when active signals
are communicated on the second differential transmission
line.
14. A method comprising:
transmitting a current mode logic (CML) signal from a
transmitter of a first integrated circuit (IC); and
communicating the CML signal through an interface cir-
cuitto couple a voltage mode signal corresponding to the
CML signal to a recerver of a second IC, including:
terminating the CML signal via a first termination circuit
and AC coupling the first signal to a first port of a first
radio frequency (RF) bias tee;

switching a selected voltage to a second port of the first
RF bias tee; and

outputting the voltage mode signal from a third port of
the first RF bias tee to the recerver of the second IC.
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15. The method of claim 14, wherein switching the selected
voltage to the second port of the first RF bias tee comprises
coupling the selected voltage via a first switch coupled to the
second port of the first RF bias tee, responsive to a switch
control signal received in the first switch from the first IC.

16. The method of claim 14, further comprising commu-
nicating signals between the first IC and the second IC to
validate circuitry of an IC under development, the circuitry
programmably configured 1n the first IC, wherein the first IC
comprises a field programmable gate array (FPGA).

17. The method of claim 14, further comprising;:

transmitting a second voltage mode signal from a transmit-
ter of the second IC along a second transmission line;

tapping the second voltage mode signal to provide a tapped
signal to an mnput/output (10) bank of the first IC;

comparing the tapped signal to at least one threshold volt-
age 1n the first IC;

determining a state on the second transmission line based
on the comparison; and

controlling termination of the second voltage mode signal
based on the determination to obtain a second CML
signal.

18. The method of claim 17, further comprising receiving

the second CML signal 1n a recerver of the first IC.

19. A system comprising:

a field programmable gate array (FPGA) including;:

a first transmitter to communicate first signals according
to current mode logic (CML) signaling and a first
recerver to recerve second signals according to the
CML signaling;

a first interface to communicate according to transistor-
transistor logic (1TL) signaling;

a second interface to communicate according to low
voltage differential signaling; and

a logic of an integrated circuit under development;

an interface circuit to couple the FPGA to a device under
test (DUT) that 1s to communicate according to voltage
mode signaling, the interface circuit to adapt the first
signals communicated by the first transmitter according,
to the CML signaling to voltage mode signaling for
receipt by the DUT; and

the DUT coupled to the interface circuit, wherein the DUT
includes a transcetver to communicate according to the
voltage mode signaling.

20. The system of claim 19, wherein the interface circuit

COmMprises:

a first differential transmission line coupled to the first
transmitter of the FPGA;

a first radio frequency (RF) splitter to couple the first dif-
ferential transmission line to a first DC block, the first

RF splitter further coupled to a first termination circuit;
and

a first RF bias tee having a first port coupled to the first DC
block and having a second port to provide the first sig-
nals according to the voltage mode signaling to the DUT,
and a third port coupled to a first switch to receive a
selected voltage.

21. The system of claim 19, wherein the 1nterface circuit

COmMprises:

a second differential transmission line coupled to the trans-
ceiver of the DUT to recerve the second signals accord-
ing to the voltage mode signaling;

a second RF splitter to couple the second differential trans-
mission line to the second interface of the FPGA, and a

third RF splitter to couple the second RF splitter to a
second DC block, wherein the second DC block 1s to
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provide the second signals according to the CML sig-
naling to the first receiver of the FPGA.

22. The system of claim 21, wherein the second interface
COmMprises:

a plurality of banks, each including a comparator to com-
pare a level on one of a positive and a negative portion of
the second differential transmission line to a corre-
sponding selected voltage level and to output a compari-
son signal; and

a collection logic to recerve the comparison signal from
cach of the plurality of banks and to provide a link state
signal to a state machine logic of the logic of the inte-
grated circuit under development.

23. The system of claim 19, wherein the FPGA and the
DUT are integrated circuits coupled to a circuit board, and the
interface circuit comprises at least one of conductors of the
circuit board and components coupled to the circuit board.

24. An apparatus comprising:

interface logic adapted to be coupled to a first integrated
circuit and a second integrated circuit, wherein the inter-
face logic 1s configured to translate first signals of a
current mode logic to be transmitted from the first inte-
grated circuit to second signals of a voltage mode logic
to be recerved by the second integrated circuit, and to
translate third signals of the voltage mode logic to be
transmitted by the second integrated circuit to fourth
signals of the current mode logic to be received by the
first integrated circuat.

25. The apparatus of claim 24, wherein the interface logic

COmMprises:

a first differential transmission line coupled to a transmaitter
of the first integrated circuit;

a first radio frequency (RF) splitter to couple the first dif-
ferential transmission line to a first DC block, the first
RF splitter further coupled to a first termination circuit;
and

a first RF bias tee coupled to the first DC block to provide
the second signals of the voltage mode logic to the
second 1ntegrated circuit.

26. The apparatus of claim 25, wherein the interface logic

further comprises:

a first switch coupled to the first RF bias tee to couple a
selected voltage to a first port of the first RF bias tee, and
wherein the first integrated circuit further includes an
input/output (10) interface to communicate a switch
control signal to the first switch to select the selected
voltage from a first plurality of voltages.

277. The apparatus of claim 24, wherein the interface logic

COmprises:

a second differential transmission line coupled to a trans-
mitter of the second integrated circuit to recerve the
second signals according to the voltage mode logic;

a second RF splitter to couple the second differential trans-
mission line to a second mput/output (10) interface of
the first integrated circuit; and

a third RF splitter to couple the second RF splitter to a
second DC block, wherein the second DC block 1s to
provide the fourth signals according to the current mode
logic to a recerver of the first integrated circuait.

28. The apparatus of claim 27, wherein the second 10
interface comprises a plurality of banks, each including a
comparator to compare a level on one of a positive and a
negative portion of the second differential transmission line to
a corresponding selected voltage level and to output a com-
parison signal, and a collection logic to receirve the compari-
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son signal from each of the plurality of banks and to provide
a link state signal to a state machine logic of the first inte-
grated circuit.

18
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